The Baylis-Hillman adducts 3(a-e) and 6(a-g) were prepared by the reaction of appropriate aldehydes with alkenes in presence of catalytic amount of urotropine with ionic liquids under microwave irradiation. Structures of the newly synthesized compounds were characterized by spectral studies. The antibacterial studies of Baylis-Hilmann compounds for analysis of the structural requirements for antibacterial activity using VLife MDS 3.5 has been carried out.
Introduction
Docking is a method of molecular modeling, which predicts the preferred orientation of one molecule to a second when bound to each other to form a stable complex. Molecular docking can be defined as an optimization problem, which would describe the "best-fit" orientation of a ligand that binds to a particular protein of interest and is used to predict the structure of the intermolecular complex formed between two or more molecules. The most interesting case is the protein ligand interaction, because of its applications in medicines. In modern drug designing, molecular docking is routinely used for understanding drug information about drug receptor interactions and is frequently used to predict the binding orientation of small molecule drug candidates to their protein targets in order to predict the affinity and activity of the small molecule.
Coumarin and its derivatives represent one of the most active classes of compound possessing a wide spectrum of biological activities such as, antibacterial, antifungal, antiinflammatory, anticoagulant, anti-HIV and antitumor activity [1] [2] [3] [4] . In addition, these compounds are used as additives to food and cosmetics, optical whiteners, luminescence dyes, active media for lasers and solar collectors 5, 6 . Pyran derivatives exhibit a wide spectrum of pharmacological activities and biological activities such as fungicidal, insecticidal, acaricidal, antiviral, stimulant and anticonvulsant activity 7, 8 .
. They have been the subject of vast investigations where upon now chemists are provided with several reactions like DielsAlder reaction, Wittig reaction, ring-closing metathesis, Ugi reaction, Passerini reaction, Heck reaction and recently the Morita-Baylis-Hillman reaction to create carbon-carbon bonds 10 . The commonly known Morita-Baylis-Hillman reaction (MBH) results in addition of an activated olefin (containing conjugated electron-withdrawing groups) onto an aldehyde, activated ketone or imine grouping at α-position to afford some unique multifunctional alkenes 11 . From the above line of reasoning we directed our work towards synthesis of various coumarin and pyran derivatives of biological interest by following green chemical methods.
Experimental
Melting points were measured in open capillary on Buchi melting point B-540 apparatus and were uncorrected. IR spectra were recorded on Simadzu FTIR-8400 spectrometer using KBr pellets.
1
H NMR (300 MHz) spectra recorded in CDCl 3 on a Bruker AVANCE 300 instrument with the TMS as an internal standard. All the chemical shifts values were recorded as δ ppm. Mass spectra (EI-MS) were taken on Perkin Elmer (SCIEX API-2000, ESI) at 12.5 eV. CHN analysis was carried out on Carlo Erba E A 1108 automatic analyzer. The progress of each reaction was monitored and purity of the compounds was checked by thin layer chromatography.
Results and Discussion
Urotropine is used as a reagent in ring-closure reaction, synthesis of triaza-, tetraaza-heterocyclic derivatives 12 and α-methylation of aryl alkyl ketones 13 . Though, urotropine was reported as a base catalyst for Baylis-Hillman reaction 14 The in vitro antibacterial activity of newly synthesized compounds 3a-e and 6a-g were determined by disc diffusion method 16 . The antibacterial screening revealed that some of the tested compounds showed good inhibition against various tested microbial strains. The results indicated that among the tested compounds, 3a and 6a showed excellent activity against Gram positive bacteria. Compounds 3e, 6b, 6c, 6e, 6f and 6g displayed moderate activity towards both gram positive and gram negative bacteria. On the other hand 3b, 3c, 3d and 6d exhibited least activity against both bacteria. Comparative docking of alpha amylase with the ligand molecules was done in correlation to in vitro antibacterial activity. The molecular docking of ligand molecules with glucosamine-6-phosphate revealed that the compound 3a has exhibited the interactions with the other amino acids in the active pockets which is showed in Figure 1 . SER347X, GLN348X, SER349X,GLU352X, SER303X, ALA299X,  THR355X, THR302X, THR355X, GLY301X, ILE326X, VAL605X, ALA602X, LYS603X,  SER604X, VAL605X, THR352X, CYS300X and ASP354X For docking calculations, Gasteigere-Marsili partial charges were assigned to the ligands and non-polar hydrogen atoms were merged. All torsions were allowed to rotate during docking. The systematic and Monte-Carlo methods were applied for minimization, using default parameters. Theoretically all the ligand molecules showed encouraging docking score. Among the synthesized molecules, docking of glucosamine-6-phosphate with 3a and 6a revealed that their docking scores were -4.757110 and -4.982210 k.cal mol -1 , respectively and it can be predicted as good inhibitor of glocosamine-6-phosphate compared to standard drug Streptomycin which has docking score -3.690558 k.cal mol -1 .
Antibacterial activity
The anti-bacterial activity of newly synthesized compounds 3a-e and 6a-g was determined by agar disc-diffusion method. In the present study, B. subtilis (MTCC 121), Bacillus sp. (MTCC 10616), P. putida (MTCC 10617) and E. coli (MTCC 1652) were used as antibacterial strains and streptomycin was used as a standard antibacterial drug. Sterile filter paper discs (6 mm diameter) moistened with the test compound solution in DMSO of specific concentration 100 mg and 200 mg/disc were carefully placed on the agar culture plates that had been previously inoculated separately with the microorganisms. The plates were incubated at 37 o C and the diameter of the growth inhibition zones were measured after 24 h. The antibacterial results were compared with streptomycin and the results were summarized in Table 2 . 
Molecular docking studies

Ligand preparation
The structure of Balis-Hilmann adducts of chromen and pyran derivatives were used as the template to build the molecules in the dataset in VLife MDS 3.5. The ligand geometries were optimized by energy minimization using MMFF94 force field and Gasteiger-Marsili charges for the atoms, till a gradient of 0.001 kcal/mol/A° was reached, maintaining the template structure rigid during the minimization.
Preparation of the grid file
The grid map was centered at the active pocket of the protein by VLife MDS 3.5 ( Figure 1 ). The grid map, which was centered at the following residues of the protein Ser 349 (X), Gln 348 (X), Ser 303(X), Thr 302(X), Val 399 (X), Ala 602 (X), Thr 352(X), Ser 347 (X) which were predicted from the ligplot.
Preparation of the docking file
Over activation of receptor glucosamine-6-phosphate synthase from Escherichia coli complexed with glucosamine-6-phosphate (2VF5) signaling pathways is strongly associated with antibacterial activity. On this basis, we selected 2VF5 as a biological target for docking study of synthesized compounds. The crystal structure of 2VF5 was obtained from the protein Data Bank (www.rcsb.org/pdb). The optimized receptor was then saved as mol file and used for docking simulation. The 2D structure of the compounds were built and then converted into the 3D with the help of VLife MDS 3.5 software. The 3D structures were then energetically minimized up to the rms gradient of 0.01 using Merck Molecular Force Field (MMFF). Conformers of all the synthesized ligands were selected and were then energetically minimized up to the rms gradient of 0.01 and then saved in separate folder. The active site selection was done by choosing the cavity having maximum hydrophobic surface area. Docking simulation was done by GA docking method. All the conformers were virtually docked at the defined cavity of the receptor. The parameters fixed for docking simulation was like this number of placements: 30, rotation angle: 30°, exhaustive method, scoring function: dock score. By rotation angle, the ligand gets rotated for different poses. By placements, the method will check all the 30 possible placements into the active site pocket and results out few best placements out of 30. For each ligand, all the conformers with their best placements and their dock score will be saved in output folder. The method also highlights the best placement of best conformer of one particular ligand which is having best (minimum) dock score. In the results of docking, we have listed only best conformers and its dock score for each ligand. After docking simulation, the best docked conformer of each ligand and receptor were merged and aggregated by defining the radius of 4 Å. The receptor complexes were then energetically minimized along with the docked ligand. Stepwise aggregation was done first with hydrogen, second side chains and finally the backbone of receptor 17 . The optimized complexes were then checked for various interaction of ligand with receptor like hydrogen bonding, hydrophobic bonding and Vander Waal's interaction.
General procedure for baylis-hillman reaction in ionic liquid
Procedure with only ionic liquid
To a mixture of aldehyde (0.5 mmol) and alkene (0.5 mmol) in ionic liquid (1 mL), urotropine (0.5 mmole) was added. The reaction mixture was stirred at 140 o C for appropriate time (Table 1) . After completion of the reaction (monitored by TLC), the reaction mixture was diluted with 10 mL of water and extracted with dichloromethane (4x5 mL) and the combined fractions were dried and evaporated under reducer pressure. The crude product was purified by column chromatography on a silica gel (EA:Pet.Ether: 5/95) to get the pure products 3a-e and 6a-g.
Procedure for using ionic liquid and microwave heating
A mixture of aldehyde (0.5 mmol) and alkene (0.5 mmol) in ionic liquid (1 mL), urotropine (0.5 mmole) was added. The reaction mixture was mixed well and then irradiated in a micro oven at 300 Watts for appropriate time (Table 1) . After completion of the reaction (monitored by TLC), the reaction mixture was diluted with 10 mL of water and extracted with dichloromethane (4x5 mL) and the combined fractions were dried and evaporated under reducer pressure. The crude product was purified by column chromatography on a silica gel (EA:Pet.Ether: 5/95) to get the pure products 3a-e and 6a-g.
4-Chloro-3-(1-hydroxy-2-methylene-3-oxo-butyl)-chromen-2-one (3a)
Yellow solid; mp: 162-164 °C ; IR (KBr, cm -1 ): 3423, 1723 and 1655; 1 H NMR (CDCl 3 , 300 MHz): δ 2.34 (3H, s, CH 3 ), 4.57 (1H, br s, OH), 5.59 (1H, s, C-H), 6.14 and 6.43 (2H, 2xs, CH 2 ), 7.21-7.33 (2H, m, Ar-H), 7.40-7.49 (2H, m, Ar-H); 13 C NMR (CDCl 3 , 75 MHz): δ 26. 0, 67.6,119.3, 122.3, 124.0, 125.4, 126.1,127.4, 133.0, 143.0, 151.5, 152.3, 168.3, 190.5 ; MS: 279 (M+1); Anal. Calcd for C 14 H 11 ClO 4 : C, 60.34; H, 3.98. Found: C, 60.24; H, 3.87%. , 55.83; H, 3.60, N, 5.01; . Found: C, 55.80; H, 3.62, N, 5.55 (1H, s, 6.11 and 6.41 (2H, 2xs, CH 2 ), m, m, ; MS: 290 (M+1). Anal. Calcd for C 14 H 8 ClNO 4 : C, 58.05; H, 2.78, N, 4.84. Found: C, 58.15; H, 2.62, N, ClO 5 : C, 58.36; H, 4.24. Found: C, 58.24; H, 5.88 (t, 1H), 7.06-7.13 (m, 2H); 7.26-7.33 (m, 2H) ; MS: 305 (M+1). Anal. Calcd for C 16 H 13 ClO 4 : C, 63.06; H, 4.30. Found: C, 63.03; H, 5.71 (1H, s), 6.32 (1H, d), 7.28-7.37 (4H, m), 7.45 (1H, s), 7.77 (1H, d ); 13 C NMR (CDCl 3 , 75 MHz): δ 69. 8, 117.1, 127.6, 128.6, 131.5, 133.5, 138.6, 153.4, 155.7, 178.6; MS: 237 (M+1 8, 116.9, 125.8, 128.6, 128.9, 131.8, 140.3, 152.9, 155.8, 178.7; MS: 203 (M+1 7, 118.4, 123.2, 124.8, 125.5, 126.2, 127.6, 134.3, 134.2, 146.4, 151.1, 154.4, 155.7, 175 .1; Anal. Calcd for C 16 H 11 NO 5 Found : C, 64.67; H, 3.74; Calculated: C, 64.65; H, 3.73; MS: 298 (M+1) . 0, 70.1, 117.6, 126.9, 129.4, 132.6, 137.1, 138.1, 153.6, 155.7, 178.9 ; MS: 233 (M+1) Anal. Calcd for C 13 H 12 O 4 : C, 67.23; H, 5.21. Found: C, 67.21; H, 118.5, 123.6, 125.4, 125.9, 126.7, 128.1, 134.2, 134.6, 146.9, 151.7, 154.6, 156.2, 175.3; Anal. Calcd: C 17 H 14 O 3 ; Found: C, 76.70; H, 5.37; Calculated : C, 76.68; H, 5.30; MS:267 (M+1) .
2-[(4-Chloro-2-oxo-2H-chromen-3-yl)-hydroxy-methyl]-acrylamide (3b)
Yellow
3-(Hydroxy(4-methoxyphenyl)methyl)-4H-pyran-4-one (6f)
Conclusion
Coumarin and pyran derivatives (Baylis-Hilmann adducts) were synthesized and characterized by analytical IR, 1 H NMR and mass spectral studies. All the compounds were screened for their antibacterial properties and also studied their molecular docking. The synthesized molecules seem to be useful as specific antibacterial agents against specific bacteria. Further evaluation is necessary for their clinical use.
